et al. 1981; Ochiai et al. 1981) . Marumo et al. (1981) reported poor gallbladder contraction in diabetic patients when real time ultrasonography was performed within 60 min after the intake of yolks.
We investigated the diurnal changes of gallbladder size in diabetic patients with and without autonomic neuropathy with real time ultrasonography to clarify the autonomic state of diabetic gallbladder.
MATERIALS AND METHODS
Nine diabetic patients ranging from 15 to 62 years in age (40.4±14.5, mean±s.D.) with autonomic neuropathy and 12 diabetic patients between the ages of 15 and 71 years (46.3±17.3) without autonomic neuropathy were examined. The patients in the former group had at least one symptom and/or sign of autonomic neuropathy, i.e., nocturnal diarrhea, constipation, sphincter disturbance, delayed or absence of pupil light reflex, orthostatic hypotention, sudomotor disturbance and impotence. Eleven nondiabetic volunteers, ranging from 26 to 59 years in age (44.0±15.1), without history nor symptoms of gallbladder diseases served as the control.
To visualize the gallbladder, real time ultrasonography with a 3.5 MHz probe (Model SAL-20A, Toshiba) was used. The subjects were scanned right subcostally in the supine position nine times between 8:00 a.m. In six patients gastric emptying was measured using the dye method described by Routh et al. (1967) . The correlation between gallbladder contraction and the rate of gastric emptying was studied.
Means±standard deviations (s.D.) of the gallbladder size were calculated, and statistical analyses were carried out according to the Student's t-test.
RESULTS
The gallbladder in the control started contracting immediately after breakfast and reached 57.2±7.6% at 9 o'clock. In diabetic patients the contraction was 76.3±14.9° at 9 o'clock. The nadir of the diurnal profile curve in the control was 24.5±3.6% at 15 o'clock, while that of the diabetic patients was 49.1±16.6% at 18 o'clock ( Fig. 1) .
Gallbladder contraction was poorer in diabetic patients with autonomic neuropathy than in those without (Fig. 2) . In diabetic patients with and without autonomic neuropathy, the gallbladder contracted to S0.9±14.50 and 72.4±14.S % at 9 o'clock, respectively. The nadir of the diurnal profile curve in diabetic patients without autonomic neuropathy was 41.3±8.3% at 20 o'clock. In diabetic autonomic neuropathy it was 57.7±6.1% at 18 o'clock.
The mean minimal size at the most contracted state in diabetic patiens with and without autonomic neuropathy were 51.0±5.6% and 34.0±8.3%, respectively, and that of the control was 22.2±3.5% (Fig. 3) .
The correlation between the gastric emptying and the minimal gallbladder size was significant (r=0.92, p<0.02) (Fig. 4) . The more gastric emptying was delayed, the poorer the gallbladder contraction was. CASE REPORT Case 1. This 40 years-old male has been suffering from diabetes mellitus for the past 15 years, and had had complications including diabetic retinopathy for 10 years, diabetic cataract for 3 years and incontinence of both stool and urine for 2 years. He had diarrhea several times a day. Motor nerve conduction velocity was delayed. The rate of gastric emptying was impaired. Roentgen examination of the stomach after overnight fasting revealed the dilated stomach and a large amount of food residue (Fig. 5) . The diurnal profile of the gallbladder size showed poor contraction (Fig. 6 ).
Case 2. This 38 years-old female has been suffering from diabetes mellitus for the past 17 years. Twelve years ago, after the second delivery, axillary and public hair became scanty, her skin became thin, dry and pale and amenorrhea appeared. She was referred to our clinic for further examinations. Endocrine function tests revealed Sheehan syndrome. Roentgen examination of the stomach after overnight fasting showed the food residue (Fig. 7) . The diurnal profile showed poor contraction of the gallbladder (Fig. 8) . 
DISCUSSION
The mean surface area of the gallbladder, measured from X-ray shadows, in diabetic patients is significantly larger than that in nondiabetic individuals (Gitelson et al. 1969) . In some diabetic patients the large gallbladder may be a manifestation of biliary dyskinesia due to autonomic neuropathy and is sometimes called "diabetic neurogenic gallbladder" (Gitelson et al. 1963 ). Bloom and Stachenfeld (1969) reported that four (16%) out of 25 diabetic patients had Ultrassonography is superior to X-ray cholecystography and other methods since ultrasonography is non-invasive, harmless and does not rely on the contrast media metabolism. Accordingly it is easy to obtain the serial change of the gallbladder size with real time ultrasonography.
Our study on the serial change of gallbladder size (diurnal profile of gallbladder size) demonstrated that the contraction of the gallbladder was delayed and poor in diabetic patients.
One important observation on the diurnal profile curve was the gallbladder size at 9 o'clock, about 1 hr after breakfast. In the control the gallbladder immediately contracted to 57.2±7.6% at 9 o'clock, while in diabetic patients the gallbladder poorly contracted to 76.3±14.9%.
Another important observation is the gallbladder size at 15 o'clock. In the control the nadir of the diurnal profile curve was 24.5±3.6% (ranging from 19.2 to 30.7%) at 15 o'clock, but in diabetic patients the gallbladder size at 15 o'clock was not the nadir and was significantly larger than that of the control.
For a simple evaluation of the autonomic gallbladder state in diabetes mellitus, the sum of the gallbladder sizes at 9 and 15 o'clock is proposed as a gallbladder tonicity index. The correlation between the minimal gallbladder size in diurnal profile and the index was significant (r=0.83, p<0.001) (Fig. 9) . The index in the control was 81.6+8.4 and those in diabetic patients with and without autonomic neuropathy were 147.9±21.1 and 120.2±20.8, respectively ( Fig. 10 ). The differences among the indeces of three groups were statistically significant. The diurnal profile of gallbladder size is valuable for the diagnosis of the diabetic neurogenic gallbladder. And the gallbladder tonicity index is useful as a simple evaluation method for autonomic neuropathy.
